every 28 (13-54) days in a period of 120 (12-411) days. A median dose of 766 (600-1,200) mg and a median cumulative dose of 4,500 (750-9,750) mg was given. A clinical response (reduction in the Harvey-Bradshaw Index [HBI] ≥2 points) was found in 68% of the patients and clinical remission (HBI <5 points) in 32%. Steroids could be reduced from 31 to 12 mg per day over all patients. Side effects were recorded in 71% (n = 29) of the patients. Three patients terminated CPT due to side effects. No patient died. Conclusion: Our data point to CPT as a therapeutic alternative for induction of remission in patients with severe refractory courses of CD including TNF antagonists. CPT might serve as bridging for maintenance treatment.
tarium continuously expands, some patients remain refractory to current therapeutic strategies such as systemic steroid treatment, classic immunosuppressants, or treatment with antibodies against different components of the inflammatory cascade. The need for surgery in CD patients has decreased in recent decades, but still one-fifth require major surgery within 5 years after diagnosis [2] . However, in some patients surgical options are unsuitable, as in CD of the upper gastrointestinal tract or long segment involvement of the small bowel.
Systemic steroids remain the mainstay of therapy in severe attacks of CD, but at least 30% of patients show a refractory disease course [3] . The use of the tumor necrosis factor (TNF) antagonists infliximab and adalimumab substantially improved the outcome in CD, though controlled trials addressing the particular cohort of steroid-refractory CD patients are lacking. The available data demonstrate a primary nonresponse to TNF antagonists in one-third of CD patients [4] [5] [6] [7] . Further therapeutic options were opened by the introduction of vedolizumab and ustekinumab, monoclonal antibodies against α4β7 integrin and interleukin 12/23p40. With respect to the TNF failure cohort of CD patients, retrospective data of real-world experience showed an initial clinical response to vedolizumab in about 60% and remission rates at week 54 between 21 and 25% [8] . A response to ustekinumab was demonstrated in 58% of patients [9] . The relevant group of nonresponding patients necessitates therapeutic alternatives for induction of remission in severe flares of the disease.
Since the 1960s, the potential of cyclophosphamide as an immunosuppressive agent in the treatment of inflammatory disorders is known. Regarding CD, it has been used as an essential part of autologous hematopoietic stem cell transplantation (HSCT), as recently studied in the ASTIC trial. Despite promising high initial response rates, the final results of this trial showed absence of clinical activity in only 34% of the severely affected multirefractory CD patients 1 year after the HSCT [10] . However, the high doses of cyclophosphamide used were associated with significant toxicity and even mortality.
By now, cyclophosphamide pulse therapy (CPT) is the therapeutic standard in systemic vasculitis such as systemic lupus erythematosus, vasculitic forms of rheumatoid arthritis, and granulomatosis with polyangiitis [11] . The pulse concept was developed to reduce the cumulative doses of cyclophosphamide and to minimize the corresponding side effects. Several years ago, two small and uncontrolled single-center studies studied the efficacy of CPT at least in steroid-, but not TNF-refractory CD [12, 13] . A clinical response to a median of 4 monthly pulses of cyclophosphamide was observed in >80% of the overall 31 patients in both studies.
Obviously the cohorts of CD patients undergoing HSCT in contrast to CPT are not comparable with respect to the severity of CD or medical history. Nevertheless, CPT might be a reasonable and rather safe option even for those CD patients with a severe steroid-and TNFrefractory flare not amenable for surgery. The present study used a retrospective multicenter approach in the German IBD Study Group (GISG) to unravel the impact of CPT in multirefractory CD.
Methods
The study centers for this retrospective study, i.e., medical universities, non-university hospitals, and gastroenterology practices, were recruited by the GISG, which emerged in November 2008 from a joint initiative of the German Working Group on Inflammatory Bowel Diseases and the IBD Competence Network. Pa- 141 tients within these centers were identified in case of a CPT due to CD. Charts were retrospectively reviewed, centrally recorded in an anonymous manner by the GISG, and analyzed by the study coordinators. Data were collected from January 2012 to February 2015.
The initiation and conception of the CPT was individually determined for each patient by the treating physician without any further study regulations. Thus, all variables of the CPT, e.g., dose, intervals, duration, comedication, and diagnostics, were not influenced by any study requirement. Thirteen centers contributed to this study. The patients' standard demographic data, baseline characteristics of CD, and medical history were documented ( Table 1 ). The features of the CPT were recorded in detail. The individual doses per infusion (mg and mg/ kg body weight), the total number of infusions, the intervals between the cyclophosphamide pulses (days), the cumulative dose (mg), as well as the treatment period (days) were assessed. Clinical activity of CD was calculated using the Harvey-Bradshaw Index (HBI). Clinical response was determined as an HBI reduction by ≥2 points and clinical remission as an HBI <5 points. Efficacy was further assessed by the reduction of systemic steroid treatment during the period of CPT. In addition, patients achieving steroid-free remission upon CPT were identified. The reason for termination of CPT was categorized into either "efficacy," "inefficacy," or "side effects." For each patient, the appropriate classification was done by the treating physician. The clinical course was recorded, covering the period of CPT and not more than 3 month thereafter. Surgery related to CD as well as side effects of CD therapy were considered in this period. The results of endoscopic procedures and laboratory tests could not be registered systematically and were consequently not analyzed.
Statistical Analysis
Results are described as mean, median, and range. Statistical differences were calculated using the Wilcoxon rank test and were considered to be significant at the p < 0.05 level. Results were calculated using the SPSSWIN program.
Results

Patient Characteristics
The patients' baseline characteristics are shown in Table 1. All patients had been diagnosed according to standard endoscopic, histological, and radiological criteria. Infectious complications such as Clostridium difficile, herpes simplex virus, or cytomegalovirus were ruled out throughout the cohort. Six of the patients (15%) were current smokers, and 23 patients (56%) had previously been operated (for type of resection please refer to Table 1). A fistulizing course of the disease was found in 13 of the patients (32%), and 3 patients (7%) suffered from active fistulas at the beginning of the cyclophosphamide treatment. The medical history is depicted in detail in Table 1 .
Cyclophosphamide Pulse Therapy
Patients received a total dose of cyclophosphamide ranging from 750 to 9,750 mg (median 4,500 mg). The dose per course ranged from 600 to 1,200 mg (median 767 mg, median 13.4 mg/kg, range 7.1-23.8 mg/kg). Patients received a total of 1-13 courses of CPT (median 5 courses). The interval between courses ranged from 13 to 54 days (median 28 days). The total duration of the cyclophosphamide treatment was a maximum of 411 days (minimum 12 days, median 120 days). As shown in Table 2, all but one patient got a fluid infusion (full electrolyte solution) in parallel to cyclophosphamide infusion, The characteristics of cyclophosphamide pulse therapy regarding dose, number of courses, interval between cyclophosphamide pulses, and concomitant medication in our study cohort are illustrated. and all patients received sodium-2-mercaptoethanesulfonate (Uromitexan) to prevent hemorrhagic cystitis. Most patients received 1,000 mL of saline infusion prior and after the administration of cyclophosphamide. Regularly, the dose of mesna was two-thirds the dose of cyclophosphamide. One-third of mesna was given orally to the patient directly with the start of cyclophosphamide infusion as well as 4 and 8 h thereafter. Antiemetics were given on demand.
Thirty patients (73%) received systemic steroids at the start of CPT with a mean dose of 31 mg prednisolone/day (range 0-100 mg/day). With respect to treatment histories, finally all patients were steroid experienced and showed steroid failure. During CPT the steroid dose was adjusted according to the clinical course (see Efficacy of CPT). Four patients (10%) were concomitantly treated with azathioprine, with a mean dose of 100 mg of azathioprine/day (range 50-150 mg/day). Mercaptopurine was given in 2 patients (5%) during the entire course of CPT (37.5 mg and 100 mg/day). In 1 patient CPT was accompanied by methotrexate (15 mg/day). No dose adjustment was necessary for either azathioprine, mercaptopurine, or methotrexate. Concomitant treatment with biologicals (TNF antagonists, vedolizumab, ustekinumab) was not found in any of the patients.
Efficacy of CPT
The HBI was used to calculate the clinical efficacy of the CPT. At the beginning of cyclophosphamide therapy, the median HBI was 10 points (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Clinical response to CPT, assumed in case of an HBI reduction of ≥2 points, was detected in 68% of the patients. One-third (32%) of the patients went into clinical remission (HBI <5 points) due to CPT. At the individual end of CPT, the median HBI had decreased to 5 points (range 1-24). This reduction in clinical activity according to HBI was significant with a p value <0.018 ( Fig. 1) .
Efficacy was additionally assessed by the treating physician at the individual end of the cyclophosphamide period for each patient and categorized in either stop of therapy due to "efficacy," "inefficacy," or "side effects." The treatment was terminated due to efficacy in 28% of the patients, while CPT was finally considered ineffective in 65% of the subjects recorded. Intolerable side effects were responsible for the stop of CPT in 8% of our cohort (Fig. 2) .
The median dose of systemic steroids at the beginning of CPT was 31 mg prednisolone/day. During CPT, steroids could be reduced to a median dose of 12 mg prednisolone/day until the individual end of cyclophosphamide (range 0-100 mg). This reduction was found to be statistically significant with a p value <0.0005 (Fig. 3) . Four patients who had started with CPT still being on steroids got steroid free during CPT (13%). Only 2 out of the 11 patients with a clinical response to CPT needed subsequent operation within the follow-up period. In contrast, 15 out of 26 patients without clinical response to CPT underwent surgery in the short term (within a period of 3 months after the last cyclophosphamide course). The treatment was terminated due to efficacy in 28% of the patients, while CPT was finally considered ineffective in 65% of the subjects. In 8% intolerable side effects were recorded. 
Safety Profile of CPT
In total, 29 of the patients experienced side effects during CPT. Side effects ranged from mild infectious complications (cystitis, esophagitis) to abdominal pain, fever, and sleep disturbances. The most frequent side effects were nausea (45%), vomiting (17.5%), and exhaustion (12.5%). Side effects that occurred in up to 5% of the patients were myalgia, moderate hair loss, headache, dizziness, and restlessness. No serious septic complications were recorded. In 3 patients treatment was terminated due to side effects. None of the patients died. Please refer to Table 3 for further details.
Discussion
A refractory situation in patients with severe flares of CD still represents a therapeutic challenge, and studies addressing this particular issue are sparse. In our cohort, 90% of the patients showed TNF failure and all patients were steroid experienced. All patients showed treatment failure to either steroids and immunosuppressants or steroids and biologicals, most of them to all of these substances. More than half of the patients (56%) underwent surgery in their history, and around one-fourth (24%) had perianal penetrating disease. In these particularly complex and severe courses of CD, we demonstrated CPT to induce a clinical response in 68% of the patients. Upon CPT, 32% achieved clinical remission, and therapy was finally determined effective in 28% of the patients by the treating physician. CPT had to be stopped due to side effects in only 8%, and no patient died under pulsed cyclophosphamide. Here, we provide detailed information on cyclophosphamide given as pulse therapy in a rather large cohort of 41 patients, which might impact therapeutic considerations in critical ill patients with CD.
In active steroid-refractory CD antibodies against TNF currently represent the treatment of choice. Colombel et al. [14] reported a clinical response to infliximab in 56% of CD patients, which could be significantly improved to 69% by adding azathioprine. Under adalimumab, clinical remission at week 26 was achieved in 71.8% of CD patients, which was not significantly upgraded by combination therapy with azathioprine [15] . As both studies did not explicitly address steroid-refractory cases, the results could not be generally adopted for this particular group of patients. The efficacy of TNF antagonists, either used alone or combined with other immunosuppressants like thiopurines, in severe steroid-refractory courses of CD will most likely not achieve comparable results, as demonstrated in the SONIC and DIAMOND All recorded side effects under cyclophosphamide pulse therapy with a frequency up to 2.5% are illustrated. It was allowed to record more than one specific side effect for each patient. 144 studies. After primary nonresponse to a TNF antagonist, the switch to a second antibody against TNF will be successful in only one-third of patients [16] .
A therapeutic alternative in patients who do not respond to TNF antibodies has been opened by the introduction of vedolizumab and ustekinumab. The Gemini III study depicted the efficacy of vedolizumab in CD in a TNF antagonist failure population [17] . Clinical response to vedolizumab at week 10 was observed in 46% of these patients. In a real-world scenario, vedolizumab was found effective to induce clinical remission at week 54 in 25% of patients [8] ; a further study showed a slightly greater remission rate of 35% after a median follow-up of 39 weeks [18] . Both cohorts covered ≥90% of patients that were TNF antagonist experienced. Blocking interleukin 12/ 23p40 by ustekinumab in a TNF antagonist failure population of CD led to a clinical response in 40% [19] . Without doubt, the introduction of novel biological therapies directed against TNF, α4β7 integrin, and interleukin 12/ 23p40 substantially improved the outcomes of CD patients. Nevertheless the demonstrated data clearly point to a relevant population of CD patients resistant to our therapeutic armamentarium, which urges alternatives for induction of remission in severe courses of the disease.
Although the immunological effects might only in part be attributable to cyclophosphamide, high doses of this alkylating substance are the backbone of autologous HSCT. HSCT has been studied as a therapeutic opportunity for multirefractory CD without reasonable surgical options in two recent trials [10, 20] . In contrast to 4,500 mg (maximum 9,750 mg) of cyclophosphamide spread over several months in our study, for HSCT around 4 g of cyclophosphamide were applied on 2 consecutive days during the mobilization phase and another 50 mg/kg/day for 4 days during the conditioning regimen. In the prospective multicenter trial by Hawkey et al. [10] , 23 patients finally underwent HSCT. In the long term (at 1 year), 34% of the patients were found free of active disease, and only 8% had reached the primary endpoint of sustained disease remission (a composite primary endpoint of clinical remission, no immunosuppressives/steroids/biologicals, and no evidence of inflammation in endoscopy/radiology). In spite of the rather disappointing efficacy observed by Hawkey et al. [10] , the challenging HSCT treatment was accompanied by critical toxicity, and 1 patient even died. The safety of HSCT in CD was directly addressed in the uncontrolled study of Jauregui-Amezaga et al. [20] , which enrolled 26 prospectively followed patients. More than 90% of the patients experienced febrile neutropenia, including two septic shocks. Among noninfectious complications, 57% developed mucositis and 10% of the patients had hemorrhagic complications. During the study period of 12 months, various infectious complications were seen, and 1 patient died due to systemic cytomegalovirus infection. The high morbidity and mortality of CD patients related to HSCT in these studies and the apparent need for a subsequent maintenance therapy in most of the patients give rise to some concern and prompt alternative procedures.
The high doses of cyclophosphamide used in HSCT considerably exceed the cumulative doses used in our study as outlined above. In addition, in our study rather small doses of cyclophosphamide were used per pulse (median dose 766 mg) and were given in intervals of at least 13 days over a period of up to 411 days. Consequently, only minor infectious complications and no septic shocks were reported. None of the 41 patients died under CPT, and only 3 patients had to terminate CPT due to side effects. This favorable safety profile was analogously observed in the previous studies analyzing CPT in CD [12, 13, 21] . In these studies, the mean cumulative dose of cyclophosphamide was around 3 g given as monthly pulses of 750 mg. Overall, CPT was well tolerated and no lifethreatening side effects, particularly no sepsis with multiorgan failure, occurred. None of the 31 treated patients in these studies died. Ovarian dysfunction and sustained amenorrhea are serious side effects of CPT noticed in HSCT and patients with systemic vasculitis. Ovarian insufficiency is found in 15-27% of cyclophosphamidetreated vasculitis patients [22] . Persistent ovarian dysfunction would have a dramatic impact on often young women suffering from CD. Fortunately and in accordance with previous CPT in CD, this side effect was not detected in our patients. As ovarian dysfunction upon cyclophosphamide appears to be dose-related, the avoidance in our study may be attributable to the low cumulative dose, but might also be influenced by the short follow-up of the patients. The same might be true for secondary malignancies such as bladder cancer, leukemia, or lymphoma. With respect to adverse events under cyclophosphamide, the "low-dose" pulse regime, as used in our study, definitely appears favorable compared to HSCT. This might suggest a considerably lower efficacy in the treatment of CD inflammation.
Remarkably, the first studies dealing with CPT in CD showed promising high efficacy rates [12, 13, 21] . Clinical remission upon CPT was reported in 67-81% of the patients, was rapidly achieved, and lasted for 16-19 months [12, 13] . In our multicenter study, we were not able to reproduce this excellent efficacy of CPT. Though a clini-cal response was found in 68% of the patients, clinical remission according to an HBI <5 points was achieved in only 32%. We feel confident to have valid results, with around one-third of the patients entering remission upon CPT. The significant steroid-sparing effect under CPT further supports its value and some patients, though a minority, achieved steroid-free remission. Beside the general limitations of a retrospective analysis, we can only speculate upon the cause for the lower efficacy rate of CPT in our study in contrast to the previous ones. The cumulative dose of cyclophosphamide was even higher in the present study (median 4.5 g vs. ≤3 g), while the dose per pulse (mean ≈750 mg) and pulse intervals (monthly pulses) were similar. As far as documented, the key phenotypic feature that differs and might have influenced the outcome is a history of TNF antagonist therapy. In the present study, the number of patients with TNF antagonist failure obviously exceeded those of the older studies (90 vs. 19/20%) [12, 13] . Studies with other CD therapies such as vedolizumab similarly found a worse outcome for the TNF-experienced patients [17] , which might indicate a particularly complex CD population.
Major limitations result from the retrospective design of our study. Efficacy data such as clinical response or remission cannot directly be compared to results obtained from prospective controlled trials. Furthermore, the retrospective character prompted shortcomings of outcome variables recorded particularly in the CRP, calprotectin, and endoscopic findings. The lack of these objective parameters might have hampered the interpretation of our results regarding the efficacy of CPT. We had no explicit specification for the indication of CPT and cyclophosphamide as pulse therapy was given in an uncontrolled heterogeneous manner with respect to dosing, intervals, duration, and comedication. Thus, we do not feel confident to give a clear-cut recommendation towards the optimal design of CPT in CD patients. Furthermore, our data did not allow identification of a particular phenotype or subgroup of CD patients that might ideally respond to CPT. We are not able to give valid answers concerning the influence of CPT on specific extraintestinal manifestations or the fistulizing activity of CD. Previous studies, however, speculated on a beneficial effect in patients with extraintestinal manifestations such as pyoderma gangrenosum.
Nevertheless, we herein present the largest cohort of complex refractory CD patients undergoing CPT. In CD patients with previous failure of immunosuppressants, steroids, and TNF antagonists not amenable for surgery, CPT clearly demonstrated anti-inflammatory efficacy.
Based on our present data, a successful use of CPT for induction of remission might be expected in about onefourth to one-third of patients with an acceptable risk profile. Keeping in mind the high burden of cyclophosphamide-associated morbidity and mortality in HSCT, CPT might be a therapeutic alternative to minimize side effects. A multirefractory CD patient without reasonable surgical options and severe inflammatory activity might be a candidate for CPT to rapidly achieve a response. Ideally, once a stable disease situation is entered, the CPT should be succeeded by a less invasive maintenance treatment as far as available. In future projects, the design of CPT will have to be optimized in terms of dosing, intervals, and duration to improve its efficacy without loss of its favorable risk profile. Furthermore, the identification of patients who might be ideal candidates for CPT (e.g., in contrast to HSCT) will be of pivotal interest.
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